Background: Only 4 % of hemodialysis (HD) patients survive over 25 years after their initiation of HD even in Japan. To elucidate their clinical characteristics, we investigated their lifestyle and genetic factor. TT genotype of methylenetetrahydrofolate reductase (MTHFR) C677T polymorphism was reported as a high-risk factor for cardiovascular event and poor survival in CKD patients.
Background
Increasing importance has been attached to the complication of a nutritional disorder in dialysis patients as a risk factor that leads to a poor outcome [1] . Moreover, many dialysis patients are in a protein-energy wasting (PEW) state [2] , and this condition has been reported to be a factor that strongly influences the survival of elderly and long-term dialysis patients [1, [3] [4] [5] . The survival rate after introduction of dialysis has been increasing with advances in dialysis techniques in Japan, but the 5-10-and 25-year survival rates are only 60.3, 36.2 and 14.1 %, respectively, and patients under long-term dialysis treatment for 25 years or longer account for only 4 % (11,802 patients) of the all dialysis patients [6] . "Longterm" outcomes represent outcomes at around 5 years in reports from other countries, and patients on hemodialysis for a short time (less than 10 years) were investigated in most studies in Japan. There have been only a few studies in which outcomes and nutritional condition were investigated in patients on hemodialysis for more than 25 years. Moreover, it is not easy to perform a prospective study of long-term outcomes, nutritional condition, and nutritional management. Therefore, it is important to clarify the nutritional condition and food intake of patients who have been receiving hemodialysis for more than 25 years.
In Japan, the causes of death of dialysis patients are heart failure (26.6 %), infection (20.3 %), malignant tumor (9.1 %), cerebrovascular disorder (7.7 %), myocardial infarction (4.4 %), and hyperkalemia (2.9 %). Cardiovascular diseases account for about 40 % of the causes of death and contribute to the poor prognosis of dialysis patients [6] . Especially, ischemic heart disease is a significant obstacle to the maintenance of a favorable quality of life (QOL). Bachmann et al. [7] confirmed that hyperhomocysteinemia is a risk factor for cardiovascular disease in hemodialysis patients. Homocysteine (Hcy) is an amino acid produced through metabolism of an essential amino acid, methionine. Dietary folate-derived 5-methyltetrahydrofolate is required for this metabolism as a methyl-group donor. Methylenetetrahydrofolate reductase (MTHFR) catalyzes the irreversible conversion of 5, 10-methylenetetrahydrofolate to 5-methyltetrahydrofolate. The MTHFR C677T polymorphisms is a C to T transition at position 677 (exon4), which causes the substitution of alanine with valine and leads to about 35 % decrease in enzyme activity in CT heterozygotes and 60 % decrease in TT homozygotes [8] . This reduced enzyme activity causes an elevating serum Hcy level [8] . The associations of this polymorphism to hyperhomocysteinemia and cardiovascular disease have been reported. In a study reported in Japan, frequency of T allele was 33 % and the frequency of TT genotype was 10.2 % in Japanese population, and the T allele frequency was higher in ischemic heart disease and cerebral infarction patients than in normal controls. The serum Hcy level was higher in patients with TT genotype than in those with other genotypes, and the relationship between Hcy and genotype was stronger in the low folate intake [9] . The frequency of the TT genotype was 13.7 % in a study of hemodialysis patients, and it was higher (23.8 %) in patients with a cardiovascular disorder, showing that the MTHFR polymorphism is an important factor that influences the serum Hcy level [10, 11] . However, there have been only a few studies of Japanese patient with renal failure and hemodialysis patients, and the MTHFR C677T polymorphism has not been investigated in longterm hemodialysis patients.
This study was performed to clarify the actual nutrition state and food intake of long-term hemodialysis patients after more than 25 years of dialysis. We also investigated nutritional management during long-term hemodialysis which is considered as a risk factor for mortality, as association between MTHFR C677T polymorphism, which was based on the risks of renal dysfunction and introduction of dialysis.
Methods

Subjects
Ninety-five patients who had received hemodialysis for more than 25 years or longer were selected from outpatients undergoing hemodialysis three times a week at 14 institutions including Keio University Hospital and related facilities. Documents explaining the objective of the survey and protection of personal information were handed to the subjects, and written consent was obtained from 90 patients after an explanation had been given by physicians. Three patients with missing laboratory test values, one with missing dietary survey result, one with renal transplantation, and one who died during the survey period were excluded. Another six patients were excluded because of extreme under/over-reporting, which was assessed based on the method reported by Sasaki, the developer of brief-type self-administered diet history questionnaire (BDHQ) [12] . The exclusion criteria of the dietary survey are as follows, based on the Dietary Reference Intakes for Japanese, 2010 edition: "an energy intake lower than 0.5 times the estimated energy requirement for physical activity level I, and an energy intake of 1.5 times or higher than the estimated energy requirement for physical activity level III [13] ". Subjects in this study finally consisted of 78 patients (31 male and 47 females). The survey period was from March to November in 2012.
This study was approved by Keio University School of Medicine Ethics Committee (approval number 2011-271, dated January 11, 2012) and Experimental Study Ethics Committee of Kagawa Education Institute of Nutrition (approval number 201-G, dated March 14, 2012) .
Measurements
The subject characteristics (sex, age, duration of dialysis therapy, age at the time of introduction of dialysis, and primary disease for renal failure), physical conditions (height, dry weight [DW] , and body mass index [BMI]) were assessed. For blood chemistry, blood samples were collected at the beginning of the first dialysis session of the week (Monday or Tuesday) immediately before dialysis, and serum albumin (Alb), blood urea nitrogen (BUN), serum creatinine (Cr), serum potassium (K), serum inorganic phosphorus (IP), serum calcium (Ca), hemoglobin (Hb), hematocrit (Hct), serum folate, serum homocysteine (Hcy), and serum vitamin B 12 (VB 12 ) were analyzed. The concentrations of serum folate and vitamin B 12 were measured using chemiluminescent enzyme immunoassay (CLEIA) on UniCel DxI 800 with Access Folate and Access Vitamin B12, respectively (Beckman Coulter). Serum Hcy concentrations were measured by high-performance liquid chromatography (HPLC). These measurements before and after dialysis were available in 55 patients, and the index of dialysis efficiency, Kt/Vsp, was calculated using Shinzato's formula [14] . Blood chemistry was analyzed by SRL Tokyo Medical (Tokyo, Japan).
Habitual energy, nutrient, and food group intakes were surveyed using BDHQ [15, 16] which is a simplified version of the self-administered diet history questionnaire (DHQ) developed by Sasaki et al. [17] . To assess activities of daily living, basic activities of daily living were evaluated using BADL published by Mahoney and Barthel in 1965 [18] . The geriatric nutrition risk index (GNRI) used for nutrition screening of dialysis patients was calculated using the formula below. GNRI is a nutrition screening tool for the elderly developed by Bouillanne et al. [19] . Yamada et al. [20] applied GNRI in a study of dialysis patients and reported its usefulness.
DNA was extracted from EDTA-added whole-blood samples collected as described above using a fully automated nucleic acid extraction device, Magtration® System 6GC, and a reagent that is used exclusively with this device, MagDEA DNA 200 (GC) (Precision System Science Co., Ltd., Japan). The MTHFR C677T polymorphism was genotyped using polymerase chain reaction (PCR) technique and restriction fragment length polymorphism (RFLP) analysis by PaGE (Tokyo, Japan). The patients were divided into three groups based on the MTHFR C677T genotype, and the association with each index (physical condition, laboratory test values, food intake, daily living activities, and GNRI) was investigated.
Statistical analysis
Variables detected in the measurements and survey items were confirmed using the Shapiro-Wilk test of normality and histograms. When the distribution was not normal, logarithmic transformation or nonparametric test was employed. Log-transformed serum Hcy was examined using linear regression analysis. Data sets of variables with normality were presented as means ± standard deviations and those without normality were presented as medians (25th and 75th percentiles). Regarding food intake, the measured energy intake, animal protein ratio, lipid energy ratio, iron intake, and energyadjusted potassium and B 6 intakes showed normal distributions, but the others did not. Since the median and mean are similar when the distribution is normal, all data were presented as medians (25th and 75th percentiles).
In the comparison of the three MTHFRC 677T genotype-based groups (CC, CT, and TT groups), the interval and ratio scales were compared using one-way analysis of variance and multiple comparison (homogeneous variance: Tukey's test; non-homogeneous variance: Games-Howell test), or the Kruskal-Wallis test and multiple comparison (Bonferroni correction; Mann-Whitney U test). For the nominal scale, the χ 2 test was employed. Statistical analysis was performed using a statistical package, IBM SPSS Statistics Ver. 20 (IBM, Tokyo), and the significance level was set at less than 5 %. When a missing value was present, the item was deleted entirely.
Results
Subject characteristics
Clinical profile
The characteristics, physical condition, and biochemical parameters of the study subjects were shown in Table 1 . The mean score of the nutritional disorder risk index, GNRI, was 93 ± 6, and the percentage of patients with a nutritional disorder risk with a GNRI score of less than 91 was 41.0 %.
Habitual dietary intakes
The median (25th and 75th percentiles) daily habitual energy, nutrient, energy-adjusted nutrient, and food group intakes of the patients are shown in Table 2 . 3. Adequacy ratio for "Dietary recommendations for chronic kidney disease (CKD), 2007 (guidelines) [21] ". The energy, protein, potassium, and phosphorus intake sufficiency rates were 97.7, 101.9, 103.6, and 96.7 %, respectively, which met the recommendations of the guidelines, but the salt intake sufficiency rate was 152.6 %, indicating excessive ingestion, and only 12.8 % of patients met the recommendation of less than 6 g/day. [22] (P < 0.05), and this was also significantly higher than that in healthy Japanese (about 15 %) [23, 24] (P < 0.05).
Activities of daily living
The median score of BADL, which evaluates the performance of activities of daily living, was 90 (range, 78-100). Notably, 91 % of subjects were "independent" while 5 % "required partial assistance" and 4 % "required assistance". 
Comparison of the genotypes of MTHFR C677T polymorphism
The characteristics of patients, the physical condition, biochemical parameters and dietary intake, according the MTHFR C677T genotypes (CC, CT, and TT), are shown in Tables 3 and 4 . No significant differences were observed in age, duration of dialysis therapy, age at the introduction of dialysis, physical condition, BADL or GNRI among the different genotypes. There were significant differences in TP (P = 0.045), serum folate (P = 0.005), and serum Hcy (P = 0.029), among the genotypes. The serum folate level was significantly lower and the serum Hcy level was significantly higher in the subjects with TT genotype than in those CC and CT genotypes. No significant differences were present in serum Alb, BUN, Cr, K, IP, Hb, Ht, and VB 12 among the genotypes. Regarding dietary intake, no significant differences were observed in the energy or protein intake per kg IBW, animal protein ratio, NPC/N, lipid energy ratio, or carbohydrate energy ratio, nor were there significant differences in the energy-adjusted potassium, phosphorus, folate, vitamin B 6 , or B 12 intake among the genotypes.
Associations between the serum Hcy level and physical condition, biochemical parameters, and food intakes
The results of analysis of correlations between the serum Hcy level and physical condition, biochemical parameters and food intake are shown in Tables 5 and 6 . No correlation was observed between the serum Hcy level and age, duration of dialysis therapy, BMI or BADL. A positive significant correlation was noted with GNRI (r = 0.33, P = 0.003). Regarding the association with biochemical parameters, positive correlations were noted with serum Alb (r = 0.271, P = 0.009) and IP (r = 0.334, P = 0.002) levels, and inverse correlations were noted with serum folate (r = −0.384, P < 0.001) and serum VB 12 (r = −0.495, P < 0.001) levels. Regarding the association with food intake, inverse correlations were noted with animal protein ratio (r = −0.252, P = 0.013), energyadjusted vitamin B 6 intake (r = −0.192, p = 0.048), and B 12 intake (r = −0.242, P = 0.017). No correlation was noted with energy-adjusted food group intakes.
Factors that may influence the serum Hcy level
The serum Hcy level was analyzed after testing the normality of the variable using the Shapiro-Wilk test and confirming the distribution by examining the histogram, followed by logarithmic transformation. To investigate factors influencing the serum Hcy level, the correlation matrix was examined with serum Hcy level as a response variable, but no variable with |r| > 0.9 was present. Thus, multiple regression analysis was performed employing the stepwise method, mainly regarding factors with which association was noted as response variables. The results are shown in Table 7 . On analysis using age and sex as adjustment factors, factors influencing the serum Hcy level were the serum VB 12 , folate, and IP levels as well as animal protein intake ratio and serum Alb level. The results in the analysis of variance table was significant (P < 0.001) with R 2 = 0.552 and adjusted R 2 = 0.513. The Durbin-Watson ratio was 1.716, being non-problematic, and there was no outlying predicted value exceeding ±3SD of the measured value.
Discussion
In this study, the actual state of nutritional management of long-term hemodialysis patients was investigated at first. Nutritional management contributed to the maintenance of a high quality of life for these long-term hemodialysis patients, i.e., high level of independence in ADL was maintained. In particular, it was clarified that the influence of MTHFR C677T polymorphism-which has attracted international attention as a risk gene for cardiovascular disease that were major reasons for poor outcome in hemodialysis patient could be overcome. Regarding nutritional condition, mean BMI was 19.7 ± 2.7 kg/m 2 , mean serum Alb level was 3.7 ± 0.3 g/dL, and median GNRI was 93 ± 6. Since the reported BMI of Japanese hemodialysis patients is 21.4 ± 4.1 kg/m 2 [5] , their nutritional condition was favorable.
The frequencies of CC, CT, and TT genotypes of MTHFR C677T were 29.5, 43.6, and 26.9 %, respectively, and the frequency of TT genotype was significantly higher than the frequency of that in Japanese hemodialysis patients as reported by Morimoto et al. (13.7 %) [11] and Kimura et al. (17.4 %) [22] and healthy Japanese (about 15 %) [23, 24] . Many studies reported that MTHFR C677T polymorphism is a risk factor for nephropathy, and a significantly high frequency of the TT genotype in nephropathy patients was also detected in a meta-analysis conducted by Yang et al. [25] . Similar results were obtained in studies of Asians reported by Sun et al. [26] and Mtiraoui et al. [27] . In studies of Japanese hemodialysis patients, Kimura et al. [22] investigated the association between MTHFR C677T and hyperhomocysteinemia, and Morimoto et al. [11] investigated MTHFR C677T, hyperhomocysteinemia, and risk of cardiovascular disease, but they did not investigate whether the polymorphism is a risk factor for nephropathy. However, they investigated the genotype frequency of MTHFR C677T in hemodialysis patients, and the frequency of the TT genotype was similar to those reported by Sun et al. [26] and Mtiraoui et al. [27] . The TT genotype have been reported as a risk factor for cardiovascular disease by Morimoto et al. [11] , and for death in end-stage renal failure patients by Jamison et al. [28] , which cannot be explained by the results of our study. It was assumed that the frequency of the TT genotype at the time of introduction of dialysis was higher than the reported frequency because the duration of dialysis therapy was 7-10 years in the reports described above, which was far shorter than that in our study. Serum folate (5-methyltetrahydrofolate) decreases with the TT genotype because of a 70 % decrease in the MTHFR enzyme activity level compared with the activity with the CC genotype, which inhibits the pathway of conversion of homocysteine to methionine and elevates the serum Hcy level. Hyperhomocysteinemia promotes renal dysfunction, as reported by Wollesen et al. [29] . It has also been reported that the prevalence of hyperhomocysteinemia is high in hemodialysis patients, and hyperhomocysteinemia is also a risk factor for death. Similarly, hyperhomocysteinemia was noted in most patients (96 %) in our study. The physical condition, biochemical parameters, and dietary intake were compared among the MTHFR C677T genotypes to clarify the influence of this polymorphism. No significant differences in age, duration of dialysis therapy, age at introduction of dialysis, BMI, serum Alb level, or GNRI among different genotypes were noted. BADL was also not significantly different, and the percentages of independent patients were high with each genotype. Two of three patients "requiring assistance" harbored the TT genotype, but as described above, they were elderly, the duration of dialysis therapy was long (38 years) and they were independent in their activities of daily living, although some patients used a wheelchair. There were no significant differences in nutrient or food group intake among the different genotypes. The energy, protein, potassium, and phosphorus intakes met the nutritional levels recommended in the guidelines in all three genotypes. The salt intake of patients markedly exceeded the amount specified in the guidelines, indicating excessive consumption. However, their body weight was controlled, based on the examination of body weight changes between dialysis sessions. As reported by several preceding studies, the serum folate level was low and the serum Hcy level was high with the TT genotype. In addition, folate and vitamin B 12 intakes met the Dietary Reference Intakes of Japanese dietary recommendations, while vitamin B 6 was slightly insufficient. Based on these findings, although the serum folate and Hcy levels were influenced by the genetic polymorphism, nutritional management was appropriate. Four limitations of this study exist. First, the sample size was small, and investigation of sex differences was not performed. Second, the causal relationships between the factors influencing the serum Hcy level could not be identified because this was a cross-sectional study. Third, the dietary survey was capable of investigating habitual food intake over 1 month, but it is unclear whether the same pattern of food intake was maintained over a long period after introduction of dialysis. Fourth, the study results are not applicable to the present hemodialysis patients in Japan because diabetic nephropathy patients were absent in this study. Fifth, this is not a comparative study, the impact of some items that investigated in this study cannot be able to evaluate exactly. This study might be just a presentation of clinical and genetic profile of Japanese long-term dialysis patients.
A positive result was obtained in most studies that examined the association between serum Hcy level and arteriosclerotic disease. It has been clarified that hyperhomocysteinemia is a predictive factor for high mortality that is independent of other risk factors in coronary arterial disease patients [30] . Hyperhomocysteinemia was shown to be an independent risk factor in a study of 750 vascular disease patients at 19 institutions in 9 European countries [31] . It was also shown to be a strong cardiovascular disease risk factor in non-insulin dependent diabetes patients [32] . These findings are of interest with regard to the synergistic effect of risk factors. Inverse correlations of folate and vitamin B 12 levels with serum Hcy level in healthy subjects [23] have been reported, as well as the decrease in serum Hcy level after increased ingestion of these vitamins, but it remains to be investigated whether these findings are applicable to hemodialysis patients. MTHFRC677T, BMI, GNRI, serum potassium, energy intake (kcal/kgIBW), protein intake (g/kgIBW), energy-adjusted potassium intake, energyadjusted phosphate intake, energy-adjusted vitaminB 6 , B 12 intake, energy-adjusted folate intake
Conclusion
In conclusion, it is natural that the frequency of the TT genotype of MTHFR C677T was very high (26.9 %) in patients because the TT genotype is a risk factor for renal failure and there might be many patients with the TT genotype at the time of introduction of dialysis. However, the frequency of the TT genotype was not high in long-term dialysis patients in preceding studies because the mortality rate during dialysis therapy was high with the TT genotype. The results of our study suggested that appropriate nutritional management decreases the high mortality rate in patients with the TT genotype.
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